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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor device 
that can improve the crysta I I i n i ty of an elimination 
prevention layer, and operating characteristics. 
SOLUTION: On an active layer 16 that is composed by a GalnN 
mixed crystal, an elimination prevention layer 17 for 
preventing indium from being eliminated from the active 
layer 16 is formed. The elimination prevention layer 17 is 
set to multilayer structure where a barrier layers 17d to 
17g made of an AI0.2Ga0.8N mixed crystal and well layers 
17a to 17c made of GaN are laminated alternately, and is 
divided into a plurality of layers, thus thinning the 
thickness of one layer, and improving the crysta I I inity. As 
a result, the crysta I I i n i ty of the active layer 16 can be 
improved, at the same time, electric resistance in the 
elimination prevention layer 17 can be reduced, and 
excellent operating characteristics can be obtained. 
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A < In) £5 B&7^<D5ic>V>4>?j:<±t>im <N> 

fo±m£*mztc¥&&m : r'c& ^x . 

'J>tt < t h 1 m 1 5 B Jte5c*4> ^ fc£> : J>fc < t i> ^ 
(N) ±£^^fblfcfcl i I -V^fb^^f*J:0 
ftO. ^tCTA^^A (A ! > ££frC 

[Ig#3g4] twiafiiMPgteA !» Ga,_> N (fi^, 
0<x< 1 > £ tyuz £*tic % ^l2#^tiAl, Ga 20 

N {(bo. 0£y< 1 ) J:*} fr£C<!:£4f@<L^& 
l^^3ia^cc:-*^(*^. 
[IS*© 5 ] i^#^S^£^ffc^nr^-2>^#tcc, 

mmie i mM^mm±^\tmm<o^m^mux 
ST * x * «u ^-«tct^»^cfe * < $ teltfr s < * - r 

[0 0 0 1 ] 

< <fc ( N > i^SXfMfbfeSi i i-V&ft 

its £ ^^fc4uv(MR?en^& # 

[ 0 0 0 2] 

[ffi*0O*£f«] Ga N, AlGaN^«b^^Ga i 
nNflWte£%}£fbftXI I I -Vfeffc#ft4£«f*ii, 40 

#HE^^ts^f braes tin*** *fc, 

ft Srl&SK' S W4 6 br 4>?£g $ fix I * 

*• so 



[ 0 0 0 3 ] C <Q£ 5 ix^itmik § 1 1 - v mt&fo^ 

C^A ! G a Nt^l® Vi: ^ >t/«) Al:^* jyc 

CVD (fttewl-onaanlc Cheancal Vapor Deposition ; 

0X;W&*««MHfrc«& # c*i*:*R,r. Ga i 
n N (fljlfr £ ^ > ^ 0 ^ ^ S tfJg { ^ > 0 AgHJg > 

MDBbrtr*9«) , C % ^^SA#gWJ2£.^<?i±£ 
J Ia<l; 0 < . 7 0 0 *C - 8 0 0 *C*U£ i 

o o "c- a o o •err m (ad j&^^s^g 

[0 00 4] 

8m£Mlt> ^^J:0 4>«^r«fi$iirc^(?>r 

fc^ur^>^^^ws<c^fe^^ffcorb*^ t 
s-?±i*:a>ttfttt^»ftbr, anfcgiff^i^fi^c 

fec^cii, i^F^ih®<^s^7c*<^^ri^c\ s 

[ o o o 5 3 *tti*tofr&m&v:mfrx nfc 

[ 0 0 0 6] 

Vgft^^fi J: «i «a >f > ASf g i . C<DJ 
i»e>4>*sO tdNSm* * ©«*JhT «MAEEftiLlR i ^ 

irr«j:^ccbft:(>or*4 0 

[ 0 0 0 7 ] .*«W«C J: 4*«M*»f rii, CttSESihS 

*s*!Bie*** br i**©r, Mmiic^Aifewi 

[ 0 0 0 8 ] 

r. E^&$mi>x$mzm& h. 

[ o o 0 9] imi om&<D&m] m i it *£9»p& 
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(3> 

m\ \v>— 55«K. m«. ^^7 7 Sl2€r^ir, 

Kg 1 5 . >§1±S 1 6 , KfeSP&lhJS 17, FB 
18. p3£»<??Ffll 9fcJ:tfP*3>** hS2 0 

j^c©ietcifwsnfe3»fi£*wux'i^. «fii nt, 

8 0 ju mfl>^? r A T ted": Q4Mt3*vC** *3 , ;<?7t 
JIi 2ft<trtt. stSi i<ec®kS2s£S*vt:i*£. 
[00l0]^»7T«l2lfc m*, WS#3 0n 10 

jLimrabO. nSHPlWitOt:^'/* <S i ) *r?£ 
*IiLfcnaBGaN«CJ:01»fi£*^rt»*. nS«?F 
€ 1 41*, m* % I*** 1 1 unrCAD, -nSLTttSsi 
l/C»'<r3R*i£ifll'fcn9A I GaNaWKJ^wJiXS 

n-cc^o nia^FJii5«, m«& «a*o. i 

ji m « , SB**** <L U f *■ * £ Utc a S2> G 
aNU!j:0tSfi£3nr^*. 

[0 0 1 1 ] s^teJa i eat. «*t*. *d^3 0 nm-C 20 

6. gf±Bi eat-* v^Aawa&a-^r 

e#flW:**, m*. Oae.»tIn».«NaBJ: 
0#£)s37. OnuK&FSlSBt, Ga*.* i m., N 

SfiSi^n, ^-©»*t*m*2 o n flrc*>&o 

[00 12] p9#4FB18i*, f**M\ »8#0- 30 

^JlIl/fcpaGaNtCcfcDifiJsa^tfCl^. p§?*? 
? FBI 91*. ffliU*. BSatfQ. 8nmT'abO. pS 

*C*»J««3*irC»*. p«|:2>**hB2 06*, « 
^$5^0. 5 urn*?**), p^f&tfc<I:U v C^? 
4i'*^£j£!!Ql/fcpSGa N*Cj:9flWtS*vC<r**« 
[00 1 3] pffla^** hH2 0«>Sfil 1 

tea. p«i^fii2 uWRftSfttrc**, c^p«2 
1 mt*. pflHa>*^nB2o©i^6^^f 40 

A <Pd > , S£ <P t > ^O'r^^OA (A ! > 

2 0ieaw»:»»sn'cc»*o p««S2i«. * 

i tc*H£?&?ittB l 6C>«*afcW63lH(l«ift-3 
rc»4. — *. nJla>*J^Bl 3©4HSl 1 &R*t 
«|Kit, fijWB8ff2 2^»«$m:c^ 0 nWS2 2 
it. (Ti > fc<fclX7*S^0A«llSC 

fRgbf^Ji^i: 0 d&ffctsfc1ttfi€Wl''C4* 0 , n 

i^^^^-gi 3±s»«Kt(i*s*vt:i*&. so 
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[0014] C^^l-^'Ctt, mtXpfll 

BSSBi±ft^*C*50, C©^<&^fWW£H>Rl/tt 
«M>S)MUItflE>9 fe— *©KM*K©s****fi< ft* 

^4ufc*it-«ojs^ss^>fei*maor^i8ii, 

©K*teW* & u - * tr- A t L * tH Srir 4 J: * k 

[ 0 0 I 5 ] @2 It, @1 CDJOMfflMiV 1 7 fc£CH:S> 

ftjjtg 1 7 *«E>ftttK>'<> F*> *7*ftfi*flte 

£V>£*>1£, M*H*jtBl7tt*B«a<bSnr 
fcO. fefe^^: U*C w.»$f 4 C i i: 0 . IB<0 

JUtHCCI*, fflilt SEKgtBStlfcfWfc (CCC- 
it 4fs> <MttBl 7a, 17 b, 1 7 c, 17<3 
F$gS I7a-~i7d«£0 fe-'O * ^ ^*0h$ 

It. 3H> C0#^S17e. 1 7 f . I7jft*m/C 
C*4. 

[ 0 0 16] SUB i 7 a - 1 7 <? it. ^x.lt. pM* 

N^a (mi/. o<x< i > Ktowin, #p^i 
7e-i7trvt. mtx. pSeWWlil/'C^y*^* 
A^SsUoufep^A !> Ga,.> N <ffll/, 0<y< 
nia^m^o cnWBU 17 a- 1 7 
dfe^O'^iB lTe-17 ertc^ti4r.«usx^^ 

SI 7 a- 1 7 ditp^A Ga 0 .» NjUtcJ:4 
WAS ft. #P«17e^l7<fttpBCaN«:t9# 

COO i 7] SSft:, ^pBI 7 e-1 7 crO>*Sit« M 
A»«tWfcKttBW>* 4^*"-*B^k . T J: 0 +»7^ 

»=1. 38 x l 0 1 ? J/K-CAO. TltK^afej^fi 
&C«*. rjafcfe, ^FSl 7 e - 1 7 trlt2^7t^ 
uiS+fk^ft^cS^^fiSt^-?^^^, ^11? 
^Wt@3^^^C^i»l?^UA:J:^^^e^ 

t?it. mi«tt^Bi 7e^l 7 cr©»S*Stft*«* 
CifCJcO, i&14B 1 6*«:ttB'*'*^B»£*a , y 

— kr: % i¥ $ djui-^jsiaw ^ x * jir^-aiia^: * 
<a*or < ccritpa^ fbi 8#>&*si&bi 6 
SKci^^riBfc^B©ac&>W<4'9tri*4. ft 
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fc. P$HJS 1 7 a ^- 1 7 d <DW £ it. WMmtW h > 
t*4 # 

1 0 0 1 8 ] C J: *J . **tSC^Srii, *I9&& 
^ m&<oi&&&&v>*&mi£ J: ^ r h .«u 

«3Wftfci/. n«i»jk« 1 7<Dimz&2 < *c*4j: 
}fcft-*rt** # *>uwc. mAtczR{stc£ j >i£. 

i 7 £ p*5W^ KJS 1 8 i * >l ^f-n^f: 

Igta#**<ft-*CC>4 0 
[0019] »§ts i 7 a - 1 7 dte^o'^g l 7 e 
- l 7 er^)¥5«, m» t P§HB l 7 a 

#8 nm. #RB1 7 eft*2nm. RHBJ9 1 7 b#6 n 
in. #PJ§1 7 f**4nm. KfUa 1 7 c#4!ioi, # 
^■I7p4&6nm. Siggl 7 d#2nia£Sftri* 
4. ftfc, MEMuhJBl 7<zr«$G>jeiSfili, R&frik 
€1 7*tc^^r.»u^^^A<j>^«tcfe^T4^ 
r&O, ±jftbfcArtt. f$i£S i 7 a - i 7 d&*S 
G>£SW* 2 0 n m W$L 1 3 ft4 C £ £ 1/ K>. Ctl£ 
♦J & 7 ju * ^»)A^f£^i^ * * y r^asftcc < 
<ft4«|filK:&9 % i>^c^<L>gtiS 1 S^S<C>H'>*>^ 

A<£K«as+»ta*jt $ nst t *«iiaie<: <*4*» & &4 0 

[ 0 0 2 0 ] C <Qi£i&<&v -«7J±, ffl|iU£K4>«t: 5 CC (./ 

[ 0 0 2 1 ] SI*. 4 0 0 ii mggcof? 

W7J:0ft4£tEl l£fii&U Sfel KOfflilic 
ffitt. MOCVDS«cJ:0-'<^7tJS 1 2, n 

flip's i? tm \ 3, n^^7-^ Kgl4, oB^r 

s i 5. imm i e , Auseftihjs i 7 . kjs i 

[0 02 2] AfttWCt*. *-*\ S8l 14«ilGr5 2 

^'^rJgi 2£«£^31*4 0 :*C>*C\ flAi*. 
1 1 ©i&ft* l 0 0 0 'CflgS r'Jitf\ M,7 7 g!2 
O-tK, n^GaNcfc0^4n^J^>^^ h^l 3, n 
MA lCaNSflJ:OftSnaa^^^ KJB 1 4te«fcO'n 
fflGaNJ:*)ft4naMr-f KJB 1 5 £IB*j««3t!-4o 
ttt*^ ttfi 1 1 <D&&& 7 £) 0 *C- 8 6 0 *C 

Ga f . S8 I n,.,»NMilJ:4ft«PMfc|| 
WtWa,., In,., Nfl*£9tt«#jML , t&2tc 

[0 02 3] Witt, S£i l€MUK«aft 

p«AU. a Ga,., N£i!^«?ft4ttegi 
7a^l7d. *5J:t>'pSSGa NJ:9ft4£f5Bi 7 e 
- 1 7 er€rxSic^$tr*c, MlKK±JI I 7 *mf$? 
4. C C -CI*. Httftihff 1 7 ZfeUm 1 7 a - 1 7 d 
7 7 tr&0*JB1£&&l/, 1B©»S 



C4) MI2 0 0 1 -332 76 1 

5 

its 1 7^^&ttJ@ i e^cc^xiaosjB^^Mdti. a 

[ o 024] mmfijkm 1 7 &?6?%{stc<j>*>, m*.\x, 
m& 1 1 <oma* i o o ox»k**c±h p , mmm±B 

17<D±tC % p^GaNcfcDfe^pS^KJglS, p 
lGaN^Si:«i«ipM^^^ PJB 1 94<j<fce/p 

4. ccrii. itt*m i ac.±ccj^^ih^ i 7 £/n, 

[0025] MOCVD^^n WjLSOWl 
QtfXtOX&WMZY V *JL ( <CH. > 

*?&T>\>X~*JU { (CH, > . A 1 > % 

20 ) s In). ttX^MKH^A^L-CttHAtfrv^ 
^7 ( NHj > f:«-tietlfflC«& # 
^4l/rl*W*tt*>'l'^> (S i Hi ) ^S^, 
y * ^ A(DM4^7^ it'C ItM A«X fcr x = ^ > 
/?^X2itu^>r,t^>^A < <c. H* Mcr> tmi* 

[0 02 6] p«a>*» HJB2 0 

30 1 9. paw-/ fjs 1 8, mm&m 17, attm 

6, n^'^KS!5, 119^? h~Bl Jfecfctfntf 

^o^m^oA^ mxmm un 22^ 

f^T44^:. *B&W££m^ ni«l^S2 2^^ 
fkr4 0 ttj^fS^f^/cC'^, a 

[0027] r>&m&2 1 1 1 & 

UTd 0 /i m SftOKS 4 ft « J: 9 <c Wfl(hT 4 . 
40 l l £9FMl'*:3>6, W*GD^:^$«:E^, pfi«S2 

uacc*sfiigssss:©fijtr4. cnccjro, Sl^^Ofe 
^ftU-^^.^4* 

[ 0 0 2 81 C -^ii, :jc©J: ^ tcf^flgf 

4. 

[ 0 0 2 9 ] C -If t?tt. nfllf6S2 2 6 p 

«J«g2 1 40Dp^C^CD^JE^£OBa5n44. 

r§c 4 & c o>£ £<omm±j& i 7 *j &&*v>ttiBa>m 
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«*vCfc*J. H(B»jfcJBl 7(C45W^*aSttd i 'h*< 
r;o'Cl^c §&&f*lfcJ2 1 7 #£^£^tff&£ $ 

9^pa^ fib i as^tr««tr*Jts i 7k&a$ 

ttfcEFU^ &#^ls 1 7 e - 1 7 sfcSJSStlfcfi-?- 

[ d o 3 o ] c©* ^«c*^«wwitt:ff*4yeiia»- 

<fc-»r. BtfHftJbB I 7 1 6^©WB 

<D&&£mfrzc±&cz, tsttiB i e 

jtT*C WC**. lft«W*±!Bi7^a«i«: 

wistt&ctafrc**©"^ nMMJtai 7«fc»* 
r** 0 «-*r. A»fcaf*^«**c±**c**. 

[0 0 3 l ] KSlB£ikJSl 7 4. fi-^ffcUfcl&Si 
Js 1 7 a - i 7 1 7 e - 1 7 ff 

tl>. £-Jzm\ 7 e-1 7 s 
E t °". Eft 0 ", E.'^SBttB I 6«» 4T««*»< 
I, fc©r, I » tix * ;U 4? ~*1ft0>Kfltt&0>ltt 

«e*0 h>*JM«*if*81t*Ct^t?*. MB* 

*. 

[0032] £4$, ±1S^ I ^*ft«>»Sirt*. #p>J2 30 
1 7 e- 1 7 g©*3**ftS«*CfcKJ:»J#3S 1 
7e-i7 tfKP&^&x*jU4 r -i£t£Eo Q '"- 

fett'l*S<-r*J:'»«co'C4J:l*. W*.K, "SttSlB 
fBcfiBWiSFIB 1 7 e - 1 7 H.*JUV> 
MflttbQis^ai^attA ! « Ga,.» NSigtCJkD ShW 40 
*cfc$Ki,r4><fct*„ 

[ 0 0 3 3] ( .^2 0>S*S^SS] B 6 it, 
tc. milt* K«»JtJia7teJ:Df*©ftiS«>x*jU*" 

w<> r^iS^is^^^'X^ ^-•ttK-wribs 
js 3 7 <z>t£j£#sft * c £ * , ttcsw i o>£t&>& 
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[0 03 4 1 BMBftibJB 3 7 lt % ^S3 7e-37tr 

H§3 7 a -3 7 dO^S4>m*tcR— i§n?<:C<t€: 
E££ . Ml ^^*ft©M«H*Jt» 1 7 &H~GtfMt 
4«l,r^*. #pB3 7e-3 7g©«l*W*l« 
Lilian, KSSB3 7a-37d«>^$ii« 
?L^n^n4 n in- 5 ft m i $n*C(r^, 
[00351 C ©KW*ifc»3 7 r«. £J2*g££ £n 

*c <lccj: o ; « i o>^&<£&mmmfjik& \ 7 tm 

att&ttistf'-- h -5 
rc** 0 

[00361 C ©J: * tc4*ME«>»8«: in«. HBlft 
ihg 3 7 fcfi^i b U fcfttB 37a-37dd #^JS 3 
7e-37 p&eiMN&£V*J:9Kl'fcOT. x* 

^CW^, «iTOj|JB3 7«:fe»4«?4fia«: 

[0037] *»«>ICTS«: »ft*»BtWBt' 

^ ifpg!7e-l7g, 3 7 e-37 cr^ST-fkS 
nteWicc-^r^lttiWl/fc^ l 7 e- l 7 sr. 

3 7 e - 3 7 g t/tWfk-r-i^Rttfc^ 1 . <-^> 
iI^C*>^r4>. HMMJliIRl 7, 3 7«r^H«atl/ 
te C ^ cc J: ^mti^ ^ -So 

[003 81 * tc, ±S«ttCE>»»Ctt, «•» JW 1 
7. 37^F§liSl7a-l7d. 37a^37dit 
^ai7e-l7tr. 37e-37gim^®# 

> K 4> ^ < $ fcl**« < ft* J: 5 ec or 

[00391 JEfc, ±JE*IK>«»C«. fe^tF^ JkJB 1 
7. 37ft*f*tL/rAlGaNiEft«:J:0«*r*J: 
^iclstctt. i>ft< 4fc^WCCT^5x»5AftS*, 3 
BSg5c^.fl>^ *>C5i>ft < 4 % 1 5 B^t^cc- ^ feO 

.^4i^($:cc J: D m/Sf * «fc 5 ^ O r 4> l 
[ 0 0 4 0 1 frliir, ±K«»«>«B , CI*» 1 ^ 
e-l7tr, 3 7 e — 3 7 gCC^firT^x^^^-dKi 

icn>xzm v id». <z\±® 1 6 mic ^> h coat 4 

JIKX'hS< ft*«fc^KortJ:t*. 
[0 0 4 1 3 M'-£fc> ±K**«**'C(*, rg;1£s 1 
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[0 04 2] totLXZtc. ±SS^<DWRV\t. 43?# 

u - wttnve oi - r «* w<c«***r r mi t 
i i i-vM^$«|tu^"ru^ii:^ 

J:<. Sfil 1 £Sft#'J^A <GaN> , .9Hk*^S 
(S iC> viMomi^ J: Ot^T^i: Ut 

[0043] ±Kg&0&BVlt* *<v7t 

J5 12. n«!^>^^i-gl3, nBM^KBM, 20 
nBWrtlS. v§fiB I 6 , MfteftMhB 1 7 . p*2 
*'«fFHl8. p«>^-* FJB1 9**«fcffpfl3>** 

i»B20*MOCVD&a:<t: o *«r a m&tcwc& 

#*r £5vteja^c££> c t £ c »c ** w ks,$is£§& t 
[0044] ±ia^tfe^5S"C'i*, 

[0045] 40 
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10 

[0046] 4*^, «^5^<^w**w *-n 

<_,. tc^sf * x * -f > a^w 
*fc«'l^ < ***^«i,fc©'C, 

[01] *§m<D*l I «)*JIW>»llK*&**l*t'^* 

[S3] Hi^^L/fc^l*u-W«8ff^Jhe*5J:£>' 
[@4] ^^^<*i--^i^ff*±SfeJ:^^ 

[05] aifc^i/fc^^^^'twffs^sawr^fc 

[0 6] *j^CD^2^tt^^»S*«f*W'^ 
[07 ] H6^^l/fe^f*^^W»jW*itB*5i:CX 

[?7^03^] 

U-nS^^'g. 1 5~nB#-f KB. 16 
-«fgtt)a, 17, 3 7-RK^JkJB. 1 7a-l 7d. 
37 a ^37d-lftSie. I 7 e-^ 1 7 (f, 37 e-3 

KB. 2 0-p*a>#* HS, 2 1-pflBSffi. 2 2 
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